


DOI: 10.1126/science.adc9818

https://doi.org/10.1126/science.adc9818


•

•

•

•

•

•



•

•

•

•

•

•



Image credit: DESY/Science Communication Lab



Image credit: DESY/Science Communication Lab



Gravitational Waves
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https://www.youtube.com/watch?v=JEiDASMrPD4
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Amundsen-Scott South 
Pole Station, Antarctica

86 Strings:
  78 Main Array
  8 DeepCore

5160 Digital Optical 
Modules (DOMs)

Credit: Martin Wolf, IceCube/NSF
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Event Classification
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Event Reconstruction
Direction? Energy? Vertex?
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Photography: Yuya Makino NSF/IceCube

We are here
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𝜋+ → 𝜇+𝜈𝜇 → 𝑒+𝜈𝑒 ҧ𝜈𝜇𝜈𝜇

𝜋− → 𝜇− ҧ𝜈𝜇 → 𝑒− ҧ𝜈𝑒𝜈𝜇 ҧ𝜈𝜇

𝜋0 → 𝛾 + 𝛾
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Image by FreepikImage by macrovector on FreepikImage by rawpixel.com on Freepik
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https://www.freepik.com/free-vector/futuristic-hologram-car_4759139.htm#page=2&query=autonomous%20driving&position=25&from_view=keyword&track=ais
https://www.freepik.com/free-vector/cute-artificial-intelligence-robot-isometric-icon_16717130.htm#query=chat%20bot&position=6&from_view=search&track=ais
https://www.freepik.com/free-photo/face-recognition-ar-hologram-screen-smart-technology_28097586.htm#query=image%20recognition&position=36&from_view=search&track=ais


𝑓: 𝐼 → 𝑂

𝐼 O

𝑥 = 3 𝑦 = 12 𝑦

𝑥

DL performs a mapping 
from inputs to outputs

Different architectures 
utilize different symmetries 
and domain knowledge
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Exploit Periodicity:

𝑥′ = 𝑥 mod 𝑇



Exploit Periodicity:

𝑥′ = 𝑥 mod 𝑇
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Air shower

Air shower

Atmosphere 

(not to scale)

Astrophysical source 

(e.g., Milky Way)
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ns ns

𝜇
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~2700 / s ~2 / min ~17 / day
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Model Signal Events Pre-trial p-value (𝑵𝝈)

𝜋0 748 1.26 × 10−6 (4.71𝜎)

KRA𝛾
5 276 6.13 × 10−6 (4.37𝜎)

KRA𝛾
50 211 3.72 × 10−5 (3.96𝜎)

𝜋0

KRA𝛾
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ANTARES Galactic Ridge

https://www.sciencedirect.com/science/article/pii/S037026932300285X?via%3Dihub
https://doi.org/10.1126/science.adc9818
https://iopscience.iop.org/article/10.1088/0004-637X/806/1/20
https://pos.sissa.it/395/859
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.141101


2.7𝜎1.5𝜎

▪

▪

https://pos.sissa.it/444/1008/
https://pos.sissa.it/444/1046/
https://pos.sissa.it/444/1046/
https://iopscience.iop.org/article/10.3847/1538-4357/acc1e2
https://pos.sissa.it/444/1008/


•

•

•

•

•

•
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